ABSTRACT. Host plant resistance is an environmentally safe method used for reducing a pest population. Basically, when developing resistant cultivars one needs to study the biochemical characteristics of the digestive enzymes in the insect's midgut. In this study, the activities of α-and β-glucosidase were determined from Leptinotarsa decemlineata midgut using p-nitrophenyl-α-Dglucopyranoside and p-nitrophenyl-β-D-glucopyranoside as substrates respectively. The results showed that the specific activity of α-and β-glucosidase from 4 th instar larvae midguts of L. decemlineata were 5.14 and 5.48 Umg -1 protein respectively. The activity of α-glucosidase was optimal at pH 4, whereas the maximum activity of β-glucosidase in the midgut of L. decemlineata occurred at pH 4-5.5. Both enzymes were stable at pH 3-8 over an incubation time of 8 hours. The respective activities of α-and β-glucosidase were at their highest at 45 °C and 50 °C, but they were not stable at 50 °C during an incubation time of 8 days. Furthermore, our data showed that MgCl2, Tris and urea have a moderate but SDS a severe inhibitory effect on enzyme activity. Biochemical characterisation revealed one and three bands of α-and β-glucosidase activities in the midgut of L. decemlineata respectively.
INTRODUCTION
One of the most destructive pest of the potato, the Colorado potato beetle (CPB) Leptinotarsa decemlineata SAY, 1824 seriously threatens potato production in many parts of the world (HARE 1990 , CAPINERA 2001 . To date, one effective way of reducing the population of this pest is to apply pesticides. However, excessive use of insecticides has led to the development of resistance in CPB to all currently registered insecticides (GAUTHIER et al. 1981 , FORGASH 1985 , ARGENTINE et al. 1989 , HARE 1990 to such an extent that this pest is one of the top 16 resistant arthropods of the world: its resistance to 48 different active ingredients has been reported (ONSTAD 2007) . Therefore, alternative control methods such as resistant or tolerant potato varieties are needed for implementing sustainable management programmes.
Glucosides are important secondary plant metabolites: digestive enzymes in an insect's midgut convert them into toxic aglycones, thereby defending plants against herbivore attacks (WEI et al. 2007 ). These plant metabolites could be used in genetic engineering techniques to produce plants resistant to herbivores. (MATTIACCI et al. 1995) . Studying the biochemical characteristics of the CPB's digestive enzymes is a necessary prerequisite for developing cultivars resistant to CPB (RAZAVI TABATABAEI et al. 2011) .
α-Glucosidase (EC 3.2.1.20) and β-glucosidase (EC 3.2.1.21) are enzymes whose main role is played out in the terminal digestion of carbohydrate in an insect's midgut (TERRA & FERREIRA 1994) .
α-Glucosidase catalyses the hydrolysis of α-1,4-linked glucose residues and β-glucosidase breaks di-and oligosaccharides by attacking the terminal, non-reducing β-1,4-linked glucose residues (TERRA & FERREIRA 1994) . Additionally, β-glucosidase is an enzyme widely present in the majority of animals, plants, fungi, bacteria and other living organisms (Esen 1993) . These compounds are involved in plant resistance to herbivorous insect pests. The majority of these compounds are L-glycosides that release cyanide (or other toxic compounds) upon hydrolysis that are toxic to many herbivorous insects (TERRA et al. 1996) .
The purification of α-and β-glucosidase and studies of their enzymatic activity under different conditions have been done on many different insect species (SANTOS & TERRA 1985 , PRATVIEL et al. 1987 , MARANA et al. 1995 , SILVA et al. 1999 , MARANA et al. 2000 , PONTOH & LOW 2002 , TOKUDA et al. 2002 , AZEVEDO et al. 2003 , CARNEIRO et al. 2004 , BYEON et al. 2005 , SOUZA-NETO et al. 2007 , RAMZI & HOSSEININAVEH 2010 , RAZAVI TABATABAEI et al. 2011 . Considering the importance of carbohydrases and the study of carbohydrate digestion as a target for L. decemlineata control, the aim of this study is to provide information about some biochemical properties of α-and β-glucosidase extracted from the midgut of L. decemlineata in order to acquire a better understanding of the digestive physiology of the CPB.
MATERIAL AND METHODS

Sample preparation
Fourth-instar larvae of L. decemlineata were collected by sweep-netting around the village of Dehpiaz near the city of Hamedan, Iran, and transferred to the laboratory. They were kept on potato leaves under laboratory controlled conditions (temperature 26 °C ±1 and photoperiod 14:10 light:dark cycle).
Prior to the experiments it was necessary to provide enzyme samples. Therefore, L. decemlineata larvae were immobilised on ice, after which their midguts were removed under a stereomicroscope. After dissection, the midguts were kept in 1 ml doubly-distilled water. Thereafter, they were homogenised in a pre-cooled hand-held glass homogeniser. The homogenates were then centrifuged at 15000 g for 10 min at 4 °C and the supernatant stored at -20 °C until use (SILVA et al. 1999) .
Protein determination and enzyme assays
The protein concentration was determined according to BRADFORD's (1976) method, using ovalbumin as a standard. The activities of α-and β-glucosidase were determined using p-nitrophenyl-α-D-glucopyranoside and p-nitrophenyl-β-D-glucopyranoside as substrate respectively. For the α-glucosidase assay, 10 μl of the gut extract were mixed with 300 μl of 40 mM citrate-phosphate buffer at pH 4. This mixture was then incubated after the addition of 15 mM p-nitrophenyl-α-D-glucopyranoside at 45 °C for 15 min. For the β-glucosidase assay, 10 μl of the gut extract were mixed with 300 μl of 40 mM citratephosphate buffer at pH 5. The mixture was then incubated after the addition of 15 mM pnitrophenyl-β-D-glucopyranoside at 50 °C for 15 min. The reactions were stopped by the addition of 700 μl NaOH (2M); the absorbance was measured at 405 nm after 10 minutes. One unit of enzyme activity (U) is defined as the amount that hydrolyses 1 mmol of substrate per minute.
Effect of pH and temperature on enzyme activities and stabilities
The optimal pH for enzyme activities was measured using 300 μl 40 mM citratephosphate buffer with pH set to 2-8 at 0.5 intervals. The enzyme samples were incubated in citrate phosphate buffers at different pHs for 2 and 8 hours. The residual activities of the treated enzyme samples were measured according to the "Enzyme assay" section.
To determine the optimum temperature for the enzyme activities, the reaction mixtures were incubated at different temperatures from 5 to 70 °C at 5 °C intervals for 35 minutes followed by the "Enzyme assay". Enzyme stabilities were measured at 5, 26 and 50 °C for 1 to 8 days. Thereafter, the residual activities of the enzymes were determined (PARRY et al. 1996) . (SDS, 1 mmol/l), Tris (10 and 20 mmol/l) and urea (0.4 and 0.8 mol/l) were added to the assay mixtures, after which the residual enzyme activities were determined following standard assay conditions.
Influence of activators and inhibitors on α-and β-glucosidase activities
Electrophoresis
Electrophoretic analysis was performed under native-PAGE conditions. The samples were combined with a sample buffer lacking β-mercaptoethanol and SDS (2.1 ml distilled water + 0.5 ml 0.5M Tris-HCl, pH 6.8 + 0.4 ml glycerol + 0.2ml 1% (w/v) bromophenol blue).
Electrophoresis was performed on 10 % (w/v) and 7.5% (w/v) resolving polyacrylamide gels for α-and β-glucosidase respectively (LAEMMLI 1970) at 110 V without boiling the samples. In accordance with native-PAGE, the gel was washed in 40 mM citrate phosphate buffer pH 5 (optimal pH of enzyme activity) at room temperature for 20 min. Then, the gel was incubated in this buffer containing 8 mM fluorogenic substrate 4-methylumbelliferyl-α-D-glucoside for α-glucosidase and 4-methylumbelliferyl-β-D-glucoside for β-glucosidase at 40 °C for 30 minutes. Finally, the α-and β-glucosidase activities were detected by fluorescence under UV illumination and the fluorescent bands were photographed.
Statistical analysis
The significant differences among treatments in a complete randomised design were checked by one-way analysis of variance (Anova) and means were compared using Duncan's multiple range test at the 0.05 significance level.
RESULTS
α-and β-glucosidase activities α-and β-glucosidase activities were detected in the larval midgut of L. decemlineata. The specific activities of α-and β-glucosidase in the midgut were 5.14 and 5.48 Umg -1 proteins, respectively.
Effect of pH and temperature on α-and β-glucosidase activities
The effect of pH on α-and β-glucosidase activities towards pNαG and pNβG as substrate respectively were measured using 40 mM citrate phosphate buffers (pH 2-8). The maximum activity of α-glucosidase was determined at pH 4, whereas the highest β-glucosidase activity in the midgut of L. decemlineata was obtained at pH 4 to pH 5.5. α-and β-Glucosidase activities in the midgut increased steadily from pH 2 to 4 and then decreased with pH increasing from 5 to 8 for α-glucosidase and from 6 to 8 for β-glucosidase (Fig. 1) .
Both of these enzymes were stable at pH 3-8 but not at pH 2. Furthermore, α-and β-glucosidase activities increased steadily with temperatures rising from 10 to 45 °C and 50 °C respectively. At temperatures above 45 °C and 50 °C, the enzyme activities gradually decreased (Fig. 2) .
The stability of the enzymes at different pH for 2 and 8 hours is shown in Figure 3 . The relative activities of α-and β-glucosidase exhibit a similar trend in this figure at different pH for 2 and 8 hours' incubation.
Both enzymes are unstable at 50 °C; they lost about 70% of their maximum activities after 2 days' incubation because of heat inactivation (Fig. 4) .
Effect of activators and inhibitors on α-and β-glucosidase activities
The results showed that MgCl 2 , Tris and urea have a moderate inhibitory effect, whereas SDS has a severe inhibitory effect on α-and β-glucosidase activities. Different concentrations of CaCl 2 increased midgut α-glucosidase activity whereas the same concentration reduced β-glucosidase activity. NaCl and KCl did not have any effect on α-or β-glucosidase activities (Table 1) .
Electropherogram analyses
The results showed single and three distinct α-and β-glucosidase activity bands respectively in the midgut homogenates of 4 th instar larvae of L. decemlineata obtained using native-PAGE (Fig. 5) .
DISCUSSION
Glucosidases are enzymes that are essential for the metabolism and terminal phase of insect carbohydrate digestion. In this study, glucosidase activities were found in the midgut of L. decemlineata; this is to be expected in view of the CPB's feeding regime. This finding is coincident with the presence of α-and β-linked oligosaccharides in the CPB's diet. Our results demonstrated that α-and β-glucosidase reach their maximum activity at acidic pHs, which is consistent with the hypothesis that there is a correlation between the pH optima of enzymes and the luminal pH of an insect's gut (TERRA & FERREIRA 1994) . Furthermore, there are no significant differences between their activities at pHs from 4 to 6, although the curves showed different trends. Likewise, the maximum activities of midgut α-and β-glucosidase were obtained in most insects at acidic pHs (TERRA et al. 1985 , TERRA et al. 1988 , BAKER 1991 , PONTOH & LOW 2002 , TOKUDA et al. 2002 , BYEON et al. 2005 , SOUZA-NETO et al. 2007 ). In our experiment α-and β-glucosidase exhibited a broad pH stability. Such a broad temperature and pH stability range were previously reported in other insect species (TOKUDA et al. 2002 , PONTOH & LOW 2002 , BYEON et al. 2005 , YAPI et al. 2009 ).
It was shown that α-and β-glucosidase reach their maximum activity at 45 °C and 50 °C respectively, as the protein structures of the enzymes have their optimal activities within a certain temperature range. Higher temperatures reduce enzyme activity as a result of heat inactivation (PRICE & STEVENS 1989) . Additionally, β-glucosidase was not stable above 55-60 °C because it is irreversibly inactivated, although it does display its maximum catalytic activity at 50-55 °C (ESEN 1992) . The present study also implies that divalent cations reduce the activities of α-and β-glucosidase. Many glycohydrolases are inhibited by divalent cations. These cations change the structure of the protein and reduce enzyme activity (BOWERS et al. 2007 ). However, there are also several glycohydrolases in insects that are activated by cations, such as α-amylase by Ca +2 (TERRA & FERREIRA 1994 ) and α-glucosidase by Ca +2 (GHADAMYARI et al. 2010 ). In addition, insect α-glucosidase is strongly inhibited by Tris (TERRA & FERREIRA 1994) . The electropherogram analysis of the L. decemlineata midgut showed single and three distinct bands for α-and β-glucosidase respectively. In previous studies with different insect species, α-glucosidase produced at least two (RAZAVI TABATABAEI et al. 2011) or three distinct bands (SILVA et al. 1999) . Furthermore, in the midgut of many insect species there are three, four or even five digestive β-glucosidases (AZEVEDO et al. 2003) .
Different types of glucosides are phytoanticipins, i.e. plant secondary compounds that occur widely in the plant kingdom (ZAGROBELNY et al. 2004 , PANKOKE et al. 2010 . Insect β-glucosidases are enzymes that catalyse the hydrolysis of broad range of aryl-and alkyl β-D-glucosides such as toxic glucosides, which have been identified as an elicitor in plant and herbivore interaction (WEI et al. 2007 ). In many cases, the aglycones usually produced by β-glucosidase activities are more toxic than the glycosides themselves (YU 1989) . In this research, as a first step, some biochemical enzymatic properties of α-and β-glucosidase obtained from the midgut of L. decemlineata were determined. Therefore, identifying glucosides in different plants and studying their effects on β-glucosidase activity in pests such as the Colorado potato beetle in long term can be useful for producing a genotype resistant to this pest.
